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In recent years, there has been considerable interest in the effects 
of processing temperature upon the utilization of oil meals by ruminant 
animals. Temperatures encountered during processing are known to reduce the 
protein solubility of these meals thereby alt.ering their nutritive value as 
protein sources for mature ruminants. The degree of alteration in nutritive 
value seems to vary considerably depending on conditions of processing. The 
purpose of this series of studies was to determine the effects of some 
specific processing conditions upon the nutritive value of solvent-extracted 
soybean and cottonseed meals for sheep. 
l 
REVIEW OF LITERATURE 
Protein Metabolism by Ruminant Animals 
Protein ingested by ruminant animals is first subjected to the proteo-
lytic aet;i..vities of the rumen microorganisms.:, These organisms possess 
enzymatic capabilities for.the hyd;rolysis of the food protein into peptides 
and amino acids, which can be deaminated with the release of free ammonia. 
Simultaneously, these breakdown products are utilized for synthesis of new 
microbial proteins which are later digested by the host animal. Pearson and 
Smith (1934) were first in clearly showing that both synthesis and breakdown 
of protein occurred in the rumen. McDonald (1948, 1952) found that ammonia 
constituted the main component of ruminal non-protein nitrogen when natural 
prote:Lns were fed. The author concluded that arrnnonia was an important in-
termediate in the microbial degradation of dietary proteins and that it was 
$1.\bsequent).y used for resynthesis of m:i,crobial proteins. Excess ammonia was 
found to be absorbed directly through the ruminal wall into the venous blood, 
converted to urea by the liver,and excreted in the urine or returned to the 
rumen in the saliva. Only traces of ammonia were present in the peripheral 
venous blood. The amount of ammonia nitrogen absorbed through the ruminal 
wall was 4 to 5 gm. per day; about 0.5 gm. urea was secreted in the saliva 
and returned to the rumen. Nitrogenous materials leaving the rumen were 
composed largely of undigested food protein and the protein of the micro-
organisms.with only trace amounts of ammonia passing from the rumen to the 
omasum. 
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Lewis ~t al. (1957) reported that changes in ammonia concentration in 
the rumen were closely correlated with similar changes in the portal blood 
which indicated rapid transfer of ammonia through the ruminal epithelium 
into the venous blood draining the rumen. Blood urea concentrations were 
relatively constant throughout the 12-hour sampling period. Lewis (1957) 
also found that the blood urea concentration in sheep was constant under 
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a constant feeding regime, but changes in the ratior1 led to different blood 
urea concentrations which were paralleled with the different ruminal ammonia 
concentrations resulting from the respective rations. The change in blood 
urea concentration followed increases or decreases in ruminal ammonia after 
a delay period of 4 to 8 hours. Peripheral blood ammonia concentrations re-
mained quite low regardless of changes in ruminal ammonia level indicating 
that ammonia was efficiently converted to urea in the liver when the ration 
contained various natural proteins. He proposed that blood urea concentra-
tions were not due to changes in total protein intake but rather to the 
rate of proteolysis and ammonia production in the rumen following ingestion 
of the various proteinacous materials. 
Elliott and Topps (1963) examined the urinary nitrogen components in 
relation to efficiency of protein utilization by steers and found the most 
efficient protein utilization associated W?-th low urea excretion. 
The rate of ammonia production in the rumen and subsequent assimilation 
of microbial protein exert important influences on the nutritive value of 
protein supplements for ruminants. The major factors influencing the bal-
ance of these processes appear to be the solubility of the dietary protein 
and the amount and type of carbohydrate in the ration. Pearson and Smith 
(1943) first presented evidence of the importance of protein solubility in 
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ruminant protein utilization. They found greater net protein synthesis when 
blood meal was incubated with rumen contents than when either casein or 
gelatin was incubated, and attributed this to the lower protein solubility 
of blood meal. McDonald (1948, 1952), Annison et al. (1954), Chalmers 
et al. (1954), Chalmers and Synge (1954a, b), Annison (1956), Lewis (1957), 
Lewis et al. (1957), and Phillipson et al. (1959) have shown that the degree 
and rapidity of protein degradatioh in the rumen were directly related to 
protein solubility. Highly soluble proteins were rapidly dissimilated with 
the release of large amounts of annnonia within the first 4 hours after 
feeding. Ammonia was then absorbed through the rwninal epithelium into the 
venous blood, converted to urea, and excreted as urinary nitrogen. High 
levels of urinary nitrogen excretion reduced the net amount of nitrogen which 
could ultimately become available for use by the animal. Any treatment, 
such as heating, which reduced the protein soluoility reduced ruminal . 
ammonia production and urinary nitrogen excretion and increased nitrogen 
retention by the animal. These English investigators have also determined 
that addition of soluble carbohydrates to a ration containing highly soluble 
protein reduced the amount of ammonia absorbed directly from the rumen pre-
sumably by furnishing the carbon fragments necessary for synthesis of micro-
bial protein. 
Warner (1956) and Lewis and McDonald (1958) made extensive studies of 
. 
the metabolic interactions of proteins and carbohydrates in the rumen by 
administering casein with various carbohydrate sources. The ammonia con-
centration was reduced when soluble carbohydrates such as levan, starch, 
or glucose were present. The authors concluded that the most efficient 
utilization of protein supplements was obtained when a carbohydrate was 
present. which could be fermented at a rate comparable with that of the 
protein. 
El~Shazly (1952b) found that the amino acids of a casein hydrolysate 
were degraded to ammonia, carbon dioxide, and volatile fatty acids during 
anaerobic ~B. ~ fermentation with whole rumen contents or washed sus-
pensions of rumen microorganisms, The reaction products were in roughly 
equimolar proporti.ons. The deaminating capacity of the in vitro fermen-
tation medium was increased or decreased proportionally with the protein 
intake of the donor animal. Sirotnak ~~ al. (1953) found that of 22 amino· 
acids studied only aspartic acid, glutamic acid, serine, arginine, and 
eysteine were dissimilated by washed suspensions of rumen microorganisms, 
The major degradation products were ammonia, carbon dioxide, and volatile 
fatty acids. The authors postulated that dissimilation of these amino 
acids might function as the ammonia supply for bacterial protein synthesis. 
Similar studies by Lewis (1955) indicated that deamination of individual 
amino acids occurred at a slower rate than mixtures of amino acids or 
casein hydrolysate. 
Several investigators have determined the extent of conversion of 
food nitrogen to mi.crobial protein under normal feeding conditions. 
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McDonald (1954) fed sheep a partially purified ration in which zein contri-
buted 94 percent of the total nitrogen and found that approximately 40 
percent of the zein was utilized by rumen microorganisms for synthesis of 
their own proteins, McDonald and Hall (1957) fed sheep fitted with ruminal 
and duodenal f'istulae a basal ration of straw, rice starch, and molasses 
supplemented by daily feedings of 100 gm. of casein or casein digesta. They 
reported a maximum concentration of 47 percent casein in the abomasal 
proteinis 2 hours after feedipg. When casein furnished 87 percent of the 
ration nitrogen at least 90 percent was degraded in the rumen and utilized 
for the synthesis of microbial proteins, 
6 
Moore and King (1958) reported that 65 to 78 percent of the nitrogenous 
components in the rumen ingesta 4 hours after feeding was found in feed 
residues and microbial proteins regardless of dietary treatment with only 
small amounts (less than 2 percent) being present in the form of dissolved 
protein.. Ma;x:imum concentrations of organic non-protein nitrogen and ammonia 
were observed l hour after feeding; within 3 hours after feeding total nitro-
gen was not different from the prefeeding levels. 
PhiJ,lipson et aL (1959) determined the effects of different rations 
on the net changes of the ammonia content in rumen liquor and the effect of 
starch on i~ :ti:-ti:.2. assimilation of ammonia nitrogen.. Total ammonia increased 
during incubation of rumen fluid from sheep fed grass, hay, or hay with pro-
tein supplements and decreased when sheep were fed hay with either beet 
fodder or a mixture of flaked maize and maize gluten meal. The reduction in 
ammonia was accompanied by an increase in trichloracetic acid precipitate 
which indicated a net protein synthesis during incubation. The authors con-
cluded that addition of soluble carbohydrates to high protein rations de-
pressed ammo:rrla nitrogen concentration because of increases in concentration 
of bacteria capable of assimilation of ammonia nitrogen. 
Blackburn and Hobson (1960) studied the breakdown and redistribution of 
protein nitrogen in the rumen of sheep fed casein in a soluble form, a heat 
treated insoluble form, and a dissolved form to supplement a basal ration 
of chopped wheat straw and molasses. There was a rapid breakdown of the 
soluble casein almost immediately after feeding as indicated by an increase 
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1 hour after feeding in non-protein nitrogen from 10 to 50 mcg. atoms nitro-
gen per ml. rumen contents; this being the maximum concentration. Proteoly-
tic activity and numbers of proteolytic bacteria in the sheep rumen were 
highest when the soluble casein was fed and lowest when the heat-treated 
casein was fed, the dissolved casein being intermediate. The authors con-
cluded that rapid breakdown of foodstuff protein in the rumen irmnediately 
after feeding was due more to the relatively constant proteolytic activity 
in the rumen rather than to a sudden increase in enzyme activity inunediately 
following ingestion of a highly soluble protein. 
Effects of Processing upon the Nutritive Value of Proteins for Ruminants 
Miller and Morrison (1944) compared the nutritive values of ground soy-
beans, solvent-extracted soybean oil meal, and solvent-extracted soybean 
oil meal heated for 70 minutes at 250°F in nitrogen-balance experiments with 
lamps. Average percent protein digestibility was 62.9, 69.0, and 70.6; 
percent ration nitrogen retained was 18, 2, 23. 7, and 26 ,3; and percent di-
gestible nitrogen retained was 28,5, 34,1, and 37.2 for ground soybeans, 
solvent-extracted soybean meal, and heated solvent-extracted soybean meal, 
respectively. Responses were significantly less for raw soybeans by all 
criteria studied. The authors concluded that the lower response to the raw 
soybeans was due primarily to lower digestibility rather than differences 
in percent retention of digested nitrogen. 
Cuthbertson and Chalmers (1950) found that pregnant ewes excreted 60 
to 70 percent of the nitrogen furnished by a daily feeding of 50 €!JU· casein. 
Nitrogen retention was increased when the casein supplement was introduced 
through fistulae into the rumen or duodenum, with greatest retention result-
ing from duodenal administration. Ewes fed a low-energy roughage ration 
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utilized casein administered by all methods to a lesser extent than those 
fed high levels of concentrates. Chalmers et al. (1954) made similar obser-
vations from nitrogen-balance studies with sheep fed casein. They found 
that processing the casein by heating and browning greatly improved nitrogen 
retention even though digestibility was reduced. The processed casein re-
sulted in lower ruminal ammonia concentrations but greater efficien~y of 
conversion of dietary nitrogen into microbial protein. These results were 
interpreted as evidence that evaluation of proteins solely in terms of 
digestibility may not reflect their true nutritive value for ruminants. In 
further work, Chalmers and Synge (1954a) compared herring-meal supplements 
and casein in nitrogen-retention and growth trials with sheep fed a low-
protein basal ration. Both nitrogen retention and growth rate were higher 
in the animals fed the herring-meal supplements. Ruminal ammonia production 
was less extensive than with the casein supplements. 
Ellis et al. (1956) fed lambs a purified ration supplemented with either 
urea, gelatin, casein, soybean protein, or bovine blood fibrin as the protein 
source. There was no significant difference in digestibility of nitrogen 
from any of the sources with all values between 82.0 and 85.4 percent. Aver-
age daily nitrogen retention was 0,78, 1.66, 2.16, 2.78, and 2.86 gm. for 
urea, gelatin, casein, blood fibrin, and soybean protein, respectively. Ni-
trogen retention from urea was significantly less than from all other sources 
and that from casein was significantly less than from blood fibrin and soy-
bean protein. Gelatin promoted less nitrogen retention than casein. Ruminal 
ammonia concentrations varied only slightly with the different nitrogen 
sources, with the exception of urea which gave significantly higher values 
3 hours after feeding than the other supplements. 
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El-Shazly (1958) fed adult sheep isonitrogenous levels of cottonseed 
cake, linseed oil meal, beans, meat meal, fish meal, casein, and barseem as 
supplements for wheat straw and found that protein digestibility ranged from 
71,4 percent for casein to 46.0 percent for meat meal. The only supplements 
which promoted positive nitrogen balance were barseem, cottonseed cake, anq 
linseed meal. Nitrogen retention from beans was significantly improved when 
70 gm. starch was added to the daily ration. From these results the author 
con.eluded that: (1) ruminal a.mnionia production is directly related to the 
nitrogen solubility of the protein supplement, (2) solubility should not be 
used as a sole criteria to assess the value of a protein because highly in-
soluble proteins may have a low nutritive value for ruminants even though 
rwni,nal arnmoni~ concentrations are low, and (3) protein digestibility is a 
relatively inaccurate single criter!a for evaluating a protein supplement 
for ruminants because highly digestible supplements may promote rapid a.r,rnnonia 
production in the rumen. In similar studies Whitelaw et al. (J,.961) fed 
eleven week old calves commercial groundnut meal, heat-treated groundnut 
meal, and Peruvian fishmeal in isonitrogenous rations containing 16.5 per~ 
cent crude protein. The respective solubilities of the total nitrogen 
soluble in M NaCl were 47.6, 39.6, and 17.6 percent. Nitrogen retention was 
17,2, 18.9, and 21.6 gm. per day and average daily gains were 363, 442, and 
636 gm. per day, respectively, for the three supplements in the order listed 
above, Blood urea concentrations were directly related to the solubility of 
the protein in the ration. 
Drori. and Loosli (1961) found that the magnitude and direction of post-
prandial,· changes· in blood urea were· indicative of changes; in lev¢ls, ,of ·rumi-
nal ammonia in sheep fed a basal ration of timothy hay and cane molasses 
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supplemented with either soybean meal, urea plus glucose, or urea plus 
starch. These investigators reported that blood urea decreased when soybean 
meal was fed and increased when urea was the nitrogen source. The excretion 
of urinary urea accounted for the differences in the retention of absorbed 
nitrogen. 
Tagari e~ al. (1962) studied the nutritive value for sheep of three 
soybean oil meals from solvent-extracted soybeans which had been subjected 
to a temperature of 70-80° F for 20 minutes during extraction. Subsequent 
heat treatments were: (raw) no further heating, (untoasted) heated for 10 
minutes at 80° F, and (toasted) steamed for 15 minutes at 120° F. The 
protein solubility was 61.2, 40,7, and 13.1 percent for the raw, untoasted, 
and toasted meals, respectively. Protein digestibility was 55.3, 58.2, and 
61.6 percent, respectively, for the raw, untoasted, and toasted meals. 
Nitrogen-retention was 0.62, 1.65, and 2.32 gm. per day for the meals in 
the same order. Ruminal ammonia production and blood urea concentration 
were highest for the raw meal and lowest for the toasted meal with the un-
toasted meal being intermediate when these meals were fed at maintenance and 
at twice maintenance levels of protein. According to the authors the major 
factor contributing to the different efficiencies of utilization was the 
different protein solubilities of the meals. The increasing increments of 
heating rendered the meals less soluble and more resistant to rapid deamina-
tion in the rumen. Elliott and Topps (1963) also found that the most effi-
cient protein utilization by steers was associated with low urinary urea 
excretion. 
Woods e~ al. (1962) reported that protein digestibility by sheep was 
related to protein solubility in studies comparing a cottonseed meal of low 
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solubility (CSM-13), a c:ottonseed meal of high solubility (CSM-45) J and a 
soybean meal of high solubility (SBM). The respective protein solubilities 
of the meals in percent were 30.1, 65.9, and 81.0, Protein digestibility 
was 41.8, 4-7,2, and 53,7 percent for the CSM-13, CSM-45, and SBM rations, 
respectively. Nitrogen retention was highest in lambs fed the CSM-45 with 
1.51 gm. nitrogen retained per day. Nitrogen retention was 1.40 and 0.89 
gm. per day for CSM-13 and SBM, respectively. The lambs fed CSM-13 made 
the most efficient utilization of the nitrogen that was absorbed (41.9 
percent) and the least efficient utilization of absorbed nitrogen was from 
the soybean meal 1rtlth 20. 8 percent of absorbed nitrogen retained, 'l'he meals 
of higher nitrogen solubility promoted higher daily gains with greater feed 
efficiency than the less soluble meals when fed to lambs in high concentrate 
rations. However, when high roughage rations were fed, the meal of higher ni-
trogen solubility gave the poorest results in terms of daily gain and feed 
efficiency. 
Little ~t §1. (1963) found no consistent relationships .between nitrogen 
solubility and in vitro ammonia production using rumen fluid as the incuba-
tion medium. Correlations between ammon:la production from various protein 
supplements and nitrogen solubility in rumen fluid, dilute sodium hydroxide, 
and distilled water were 0,93, 0.52, and 0,38, respectively. There was 
little difference in protein digestibility and nitrogen retention between 
groups of lambs fed corn gluten meal with low nitrogen solubility. Lambs 
fed corn gluten meal gained significantly less than those fed commercially 
processed soybean or linseed oil meals and heated (110° C dry heat for 24 
hours) soybean oil meal" However, addition of three percentage units of 
protein equivalent from urea to the corn gluten meal rations resulted in 
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lamb perfo:rmance which was equal to the other rations. The authors suggested 
that some readily available nitrogen is necessary for normal microbial pro-
t.ein met.abolism in the rumen when rela.tive;Ly insoluble p:r;-otein supplements 
such as corn gluten meal represent the only other source of nitrogen in the 
ration. 
Effect of Goesypol upon the Nutritive Value of Proteins for Ruminants 
Lyman et aJ. (1959) reported that the· lev~l of free gossypol in cotton-
seeq. meal was reduced during norm.al processing by the reaction of free gossy-
pol with the free epsilon amino groups of lysine in cottonseed protein. 
This reaction causes a subsequent increase in the bound gossypol level, 
Baliga and L~ (1957) and Lym.an et !J:· (1959) found that in vitro d;igest-
ibility of the protein-gossypol complex by pepsin and trypsin was quite low 
which might be partial explanation for the negative correlations between 
level of bound gossyPol and nutr:J,.tive value of cottonseed meal for non-
ruminants. These investigators suggested that bound gossypol might reduce 
the utilization of cottonseed proteins by non..,.,rurninants by blocking the 
epsilon amino groups of lysine that are necessary for the action of these 
proteolytic enzymes. 
Woods et al. (1957, 1958, 1962) reported that reduced digestibility -~ 
l;Uld utilization of cottonseed proteins by ruminants was related to high 
levels of bound gossypol. Tillman and Kruse (1962) found no significant 
effect on protein digestibility and nitrogen retention by sheep with the 
addition of l percent gossypol acetic acid to soybean meal. However, the 
combination of gossypol plus heat significantly reduced both protein dige~t-
;ibility and nitrogen retention. 
EXPERIMENT I 
Previous nitrogen ut:iliza.tion studies from this la,boratory (Wood:;i et al. 
+962) have shown that oil meals produced under eomm.ercial conditions gave 
inconsistent res'l.llts when fed to I'l.Uninants, The temperature and length of 
t:une the meals are heated are only apprQXima.tions and may vary in commer-
cially produced o~l meals. The e~eriment described hereip was conducted 
for the purpose of determini:ri.g the effects of some specific processing con-
ditions upon the nutritive value of three different protein supplements for 
sheep. 
Experimental Procedure 
Digestibility and Nitrogen Retention Studies 
One 9ottonseed meal was e~raqted with an azeotrope (acetone, hexane, 
and water) solvent and conta.:i,ned low lev~ls of free and bound gossypol. The 
other cottonseed meal and the soybean mel;3.l were specially prepared by cold-
hexane extraction w;i.th no heat being applied at any time prior, during, or 
after extraction. Portions of each meal were then subjected to the follow-
ing heat treatments: (1) no heat, (2) autocla~ed under 15 lb. per square in. 
steam pressure at 250° F for 45 m±nutes, and (3)-autoclaved under the same 
· condit;i.l'ns for 90 m:i,nutes. for autoclaving, the meals were placed in metal 
pans wl;lich were prey:l.,ously lined w:;tth heavy paper and leveled to a uniform 
depth of 1/~ inch. After autoclaving, the meals were dried, reground to 
their original particle size, and ~ompa.red in isonitrogenous ~ations, 
13 
compositions of which are shown in ~ables I and II. 
Eighteen crossbred wethers averaging 100 lb. and about 7 months of age 
were used in a 3 x 3 factorial arrangement of treatments during three separ-
ate trials; two animals per treatment were u13ed during each trial. The 
animals were randomly assigned to the treatments in all trials. A 7-day 
adjustment period preceded successive 10-day preliminary and 10-day collec-
tion periods. The animals were removed from the metabolism sta;J..ls (Briggs 
and Gallup, 1949) fqr a 10-day rest period following the completion of trials 
1 and 2. 
Each lamb was fed 500 gm. of his assigned diet twice daily during all 
trials; water was available at all times. The ration supplied nutrient 
;J..evels which were slightly above the maintenance requirements established by 
the National Research Co1,mcil (lij'.R.C., 1957). Feces and urine were collected 
and prepared for analyses as described by Tillman and Swift (1953). 
B;J..ood samples were obtained by jug1/lar puncture from all animals 3 hours 
after the morn:i,ng feeding on the last day of each trial. Heparin was the 
anticoagulant and the plasma was separated by centrifugation and then stored 
at -10° F until analyzed. After completion of the final metabolism trial, 
the animals were maintained on their respective diets and samples of rumen 
fluid were taken by stomach pwnp from two animals on each treatment at O, 1, 
2, 3, 4, 5, 6, 8, 10, and 14 hours after the morning feeding for the determin-
ation of pH and ammonia-nitrogen (NH3-N) level. 
Proximate analyses of feed, feces, urine, and total nitrogen in the 
plasma were determined by the methods of A.O.A.C. (1960). Non-protein 
nitrogen (NPN) was determined by the method of Fo1in and Wu (1919), Protein 
nitrogen was calculated by subtracting the NPN from total nitrogen. Ammonia 
TABLE I 
CHEMICAL ANALYSES OF OIL MEALS USED IN ALL STUDIES 
Meal designation-a 
Heat treatmentb 
S12ecial SBMc Azeotro:ee CSMc 
0 1+5 90 0 45 
Particular-components 
Total go:ssypol, % 0 0 0 0.34 0.23 
Free gossypol, % 0 -0 0 0.03 0.-02 
Bound gossypol, % 0 0 0 0.3l 0.21 
Nitrogen soluble 87.3 60.l 36.8 73.70 47.50 
in -0.02 N NaOH, 
% of total 
Proximate composition,% of dry matter 
Organic matter 92.6 93.0 93,0 91.8 9L4 
Ash 7,4 7.0 7.0 8.2 8.5 
Protein_ (N X 6. 25) 47.6 48,0 48.l 56.7 58,5 
Ether extract 7.2 7.8 7,9 l.l 0.6 
Crude fiber 5.6 7.1 11.l 6.2 7.4 
NFE 32~2 30.1 25.9 27.8 25.0 
aSee text for description of meals. 
~inutes autoclaved { see ·text for details of processing). 
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aSee text for description of meals. 
~inutes autoclaved (see text for details of processing). 
coltjen et al. (1959). 
d 11 solka Floc,11 Brown.& Company, New Hampshire. 
6 Contained 20,000 I.U. and 2500 U.S.P. units per gram of vitamins A and D, respectively. 
I-' 
O" 
nitrogen (NH3-N) in blood and rumen fluid was determined by the micro-
diffusion method described by Conway (1957), Nitrogen solubility of the 
meals was determin~d by the method described by Lym.an~ al. (1953). 
Analyses for total, free, and bound gossypol were conducted by the 
methods of Pom, ~ !1• (1958) and Pons and Hoft'pauir (1957). The data were 
analyzed statistically by analysis of variance. Orthogonal comparisons 
were made between COJI!.bined groups using the unheated meals as controls. 
Sheep Growth Studies 
'l':tie urµieated meals, whic;h have been described, were autoclaved for 4.5 
minutes and included in isonitrogenous sheep diets fed during a 30-day growth 
trial. Compositions of the rations are shown in rable irr. Sixteen cross-
bred lambs weighing an average of 46 lb, were randonµy divided by sex into 
four groups with four animals in ea.ch gro'IJ.p. The animals were individually-
fed twice daily more· of their assigned diets than they wou'.j.d consume; uneaten 
;feed was removed and weighed ever-, th.ird day. Response criteria were weight 
gains and feed effj,cienc;y. A 16-hour shrink perio(i duri~ which time feed 
and water were removed preceded the initial and final weights. 
Rat Growth Studies 
The treatments and composition of ~ations are spawn in Table IV. The 
speeial soyqean me~l, azeotrope~extracted cottonseed meal, and special 
cottonseed meal have been described. 'l'he .otner cottonseed meal (Oklahoma 
cottonseed mea,l) was prepared :in the same manner as were the special meals 
using cottonseed from a low-gossypol strain of cotton. As shown in Table 
IV, each of the protein supple~ents were fed either unheated or were a~to-
claved for 45 min~tes and the supplements under test supplied all the dietary 
TABLE III 
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See text for description .of meals. 
~nutes autoclaved · ( see text for q.etails of processing) . 












coltjen et aL (1959). · 
dcontained 20,000 LU- arid 2,500 U~S.P. units per gram of Vitamins A and D, respectively. 
eusing the chemical analyses of individual components of each diet, the proximate composition of all 
rations were~ as a percent of ·dry matt-er, as follows: ash, 8.1, crude protein~ 13.0; ether extract, 




COMPOSITION -OF RATIONS USED IN RAT GROWTH STUDIES 
Ration designati-0na 
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• _-. ~ .. - . C 
.§'.E.€3-cial .. S~ Azeotro:.ee CSM Oklahoma CSM 
·- O 45 O 45 O 4? 
--3----1+-·---L-- ___ b__ _____ ~ __ ____a 




- - - - -66.75 66.85 -69.15 69.65 68.15 68.15 
3.50 3.50 4.80 4,80 4.80 4,80 
4.50 4.50 4.50-! · 4.50 4.50 4.50 
0.05 0.05 0.05'. 0.05 0.05 0.05 
0.40 0.14-0 0.40 0.40 0.40 0.40 
2.00 2.00 2.1-0 2.10 2.J+O 2.40 
100.00 100.00 100.00 100.00 100.00 100.00 
§pecial_Q~ 
O 45 










2.00 - 2.-00 
100.-00 100.00 
·~-..... -_. _____ - ----~-··-----··-----"·- -------~,,- ·-··-···--·-····-·---------«· .. -··--·--· -·-··---- ·-•"'"~--'<-- -
asee text for . d~scription of meals. _ 
'b.Minutes autoclaved ( see text for details of processing). 
eSBM - soybean meal; cSM.:..cottoriseed meal. 
~palt mi.xiture U.S.P. XIV, Nutritional Biochemicals Corporation, Cleveland 28, Ohio. 
~ameesh et .al. (1959). · · ..
r~$ofka flo-c7 "Brown and Company, Berlin, Hampshire. 
g Using the chemical analyses of individual components of each diet, the proximate composition of all 
diets'were, as a percent of dry matter, as follows: ash, 6.4; crude protein, 10.9; ether extract 5.4; 




protein in the isonitrogenous diets. 
Weanling female rats weighing initially an average of 48 gm. were ran-
domly allotted to 10 groups of 10,eachfor the 28-day trial. The animals 
were individually-fed more of their assigned diets than they would consume 
onee daily; uneaten and wasted feed were rem~ved and weighed daily. Water 
was available at all times and the animals were weighed twice weekl.y. 
Respo~se criteria were weight gains, feed efficiency, and mortal:i,ty, 
Results and Discussion 
Digestibility and nitrogen retention results are shown in Tables V and 
VJ:. When all heat treatments were combined and the meals compared, it was 
found that the digestibility of organic matter in.soybean meal was higher 
(P <,Ol) than that of the cottonseed meals. Likewise t,he digestibility of 
organ;i.c matter in the azeotrope-extracted meal was higher (P <.Ol) than that 
of the special cottonseed meal, whieh contained high levels of free and 
bound gosi:sypol. Autoclaving of all meal15 for 45 minutes {rations 2, 5, 8) 
j,mproved (l' < .05) organic: matter digestibility when these were compared to 
all unheated ratio~s (rations 1, 4, 7). When the meals were autoclaved for 
90 mi~utes 1 the favorable effect of heat upon organic matter digestibility 
noted when they were autoclaved for only 45 minutes was not obtained; differ-
en~es between organic matter digestibilities when the two treatments were 
compared were in favor of the shor,ter time (P<,lO). 
When a.l-1 heat treatments were combined., i'l.1:'ln-egtn""free extract digest ... 
ibilities were higher (P<.Ol) in the rations containing the special soybean 
meal than in those containing either of the cottonseed meals; and higher 
(P<(.10) in the rations containing the azeotrope-extracted cottonseed meal 
than those with the special cottonseed meal. Differeneeij between rations 
TABLE V 
EFFECTS OF HEATING PROTEIN SUPPLEMENTS ON SHEEP DIGESTIBILITY OF RATION COMPONENTS 
Protein supplementa 
Heat treatment b 
Ration number. 
Number of animals 








Crude Fiber · 
N-free-Extract 
SEecial SBM Azeotro:Qe CSM S:Qecial CSM 
0 45 90 0 45 90 0 45 - .. -1. 2 3 4 5 6 b 8 6 6 6 6 6 6 6 (':;;:'" 
· .67. 7 .. 69.8 66.3 60.,1. _ 66~3. 71.3 72.4 70.1+ 
(1. 8) C (1. 8) (1.9) {3.1) (2.3) (2.2) . (~_.5) (1.5) 
-· r ,. r .- ,• 
66.6 62.8 59.7 60.0 61.4 51.3 63.9 55.1 
(2.8) (1.8) (2.1) (2.3) (1.2) (1.5) (2.8) (1. 7) 
81.9 79.2 79.4 82.6 86.4 84.0 72.7 84.4 
(6.5) (4.1) (4.8) (4.2) (3. 9) · (4.4) (6.5) (3.6) 
,. ,. t 
49.9 54.7 47.4 50.7 50.5 47.8 28.9 44.4 
(3 .6) (4.9) (4.1) (5.7) (6.4) (5 .8) (3.0) (3.8) 
-
8.3 .3 84.4 84.5 79.7 82.Q ·. 80 • .3 . 76.9 80.9 
(1.3) (1.2) (1.1) (2.4) (1.6) (1.7) (1.8) (1.6) 
. --· Significant Dif f erencesdl 
1,2,3 >4,5 ,6, 7,8,9**;. 4,5·,6>1":,s,9¥¥;. 2,5·,,a>1,4, 7*; · 2.,5:.,B>3,6,'f 
1,2,3 >4;5 ,6, 7:,8:,ffl; -2,5 ,8>3 ;6,ffl; 1,4, 7>2,.J ,5,6,8,-9** 














~See text for description of meals. dorthogona1:· Comparisons., IbJ,ion rn;1·1bert, 
~nutes autoclaved ( see text for details of processing). separated oply by commas re;:1rescnt the 
cstandard error.. average -for· that group. 




·EFFECTS OF HEATING PROTEIN SUPPLEMENTS ON SHEEP RETENTION OF DIETARY NITROGEN AND-BLOOD PLASMA C9J[PONENTS 
Protein suppleigenta .. Special S.BM Azeotrope CSM Special CSM 
Heat treatment O 45 90 0 45 90 0 45 90 
Ration number 1 2 3 4 5 6 7 8 9 
Number of animals · 6 6 6 6 6 6 6 6 6 
Nitrogeri-balarice,·gm. 
Nitrogen intake - 16.40 16.60 16.50 16.20 16.60 16.50 16.00 15.90 16.90 
Nitrogen in-feces 5.48 . 6.17 6.64 6.48 6.40 7.99 5.78 7.14 8.18 
Ni trogeri in urine . 7 .32 5.57 4.91 5.84 5.44 4.19 6.31 4.46 4.24 
Nitrogen retention -3.60. '. 4.86_ . 4 •. 95: · • .3 .88. 4.76: :4.32· 3.91, 4.30, ·.4.48: 
- .~ .. ,..., . - . (0. 52)c (0.37) (0.50) (0.36) (0.57) (0.45) (0.29) (0.29) (0.32) V . •··· 
N balance:% intake 21.9 ,• 29.3 - 30.0 _ 2.3. 9 . 28.6 _ 26.2 24,4 27.0 26.5 
·- - - - (3 .1) (2.3) (3.1) (2.Z) (3.4) (2.7) (1.8) (2.0) (1.9) 
N balance,% absorbed 32.9r 46.5_ 50.1~ 39.9_ 46. 7., 50.8, 38.2. 49.2_ 51.4 
..... 
(4.3) (3.1) (4.6) (3. 7) (5.5) (4.7) (2.2) (3.5) (3.5) 
Plasma .- -Tot~l N ~./100 ml. 0.95 0.94 0.97. 1.00 1.00 0.96 0.93 0.94 0.94 
Prot . N gm. /100 ml. 
(0.03) (0.02) (0.04) (0.03) (0.03) (0.03) (0.03) (0.03) {0.06) 
,, 0.83. . 0.88, 0.91_ .0.92. . 0.92 .. 0.90_ 0.82. 0.89 0.88 
(0.03) (0.03) (0.04) (0.04) (0.03) (0.03) (0.02) (0.03) (o·.06) 
· NPN · gm. /100 ml. .0.12. 0.06,. .. 0.06,, ., 0~08,. .0.08_ ..0.06, 0.11. 0.05 0.06 
(0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) 
NH.3 N mg./L. 1.05. 1.05, .1.16,. _r;11. 1.04. .1.10. .1.15. . 1.10. 1.14 
(0.04) (0.04) (0.08) (0.05) (0.07) (0.05) (0.06) (0.04) (0.05) 
Nitrogen retention 
Significant.Differe~cesa 
- 2,3 ,5 ,6,8,9 >I,4, 7** N_bala.nce, % absorbed 2,3, 5 ,6,8,,9 >1,4, 7tt 
8 See text for descri~tion of meals. 
bjfinutes autoclaved (see text for details of processing). 
cstandard error., -lHr,. P<oOlo , 
cfbrthogonal Comparisonso Ration numbers 
separated only by commas represent the 




were not significant when ether extract digestibility was considered. 
Differences between the soybean meal and the azeotrope-e.xtracted 
cottonseed meaJ. were not significant when digestibility of crude fiber was 
considered over all treatments; however, both of these meals were sup~rior 
(P <.Ol) in this response criterion to the special cottonseed meal. Auto-
claving had no effect upon the digestibility of crude fiber, when the soy-
bean meal o~ azeotrope-e.xtraeted meal were considered; however, autoclaving 
for either 45 or 90 minutes improved crude fiber digestibility in the 
~pecial cottonseed meal. 
The digestibility of protein in the special soybean meal,_when all 
heat treatments were combined, was higher (P<.Ol) than the protein of the 
cottonseed meals. Autoclaving for either 45 or 90 minutes reduced (P <,Ol) 
the digestibility of protein in all of the meals. Protein digestibilities 
of meals autoclaved for 90 minutes were lower (P<.Ol) than those of the 
meals autoclaved for 45 minutes. 
The effect of autoclaving time upon fecal nitrogen excretion, urinary 
nitrogen excretion, and nitrogen retention did not differ from linearity 
(P>.Ol; P>.01; :P>.05, respectively) when the meals were combined in re-
gard to the different heat treatments. As there were some differences 
between meals, regression equations were calculated for each of the three 
meals. The regression equations for fecal nitrogen were as follows: 
Y = 5.488 + 0.0133X (special soybean meal) 
Y = 6.205 + O.Ol67X (azeotrope cottonseed meal) 
Y = 5,840 + 0.0267X (special cottonseed meal) 
where Y is gm. of fecal nitrogen and Xis time autoclaved in minutes. 
The regression equations for urinary nitrogen were as follows: 
Y = 7.140 - 0.0268X (special soybean meal) 
Y = 5. 986 - 0. 018.3X ( azeotrope cottonseed meal) 
Y = 6.061 - 0.0232X (special cottonseed meal) 
where Y is gm. of urinary nitrogen and Xis time autoclaved in minutes. 
The regression equations for nitrogen retention were as follows: 
Y = 3.790 + 0.0151X (special soybean meal) 
Y = 4.098 + Q.0049X (azeotrope cottonseed meal) 
Y = 3.493 + 0.0063X (special cottonseed meal) 
24 
where Y is gm. of nitrogen retained and X is the time autoclaved in minutes. 
When nitrogen retained was expressed as a percentage of the absorbed 
nitrogen, it was found that autoclaving improved (P<::.Ol) all :rp.eals; differ-
ences between the three meals were not significant (P>,.05). 
Increasing the time of autoclaving in the present experiment decreased 
urinary nitrogen loss at a faster rate than it increased fecal nitrogen 
loss; thus, nitrogen retention was improved by each increase in time when 
the special meals were considered. This could indicate that further heat-
ing could result in further improvement in nitrogen retention as long as 
the decreases in urinary nitrogen loss would compensate for increases in 
fecal nitrogen loss. Miller and Morrison (1944) heated solvent-extracted 
soybean meal at 250° F for 70 minutes and found an improvement in nitrogen 
retention of sheep in comparison to the same product heated for a shorter 
period of time. 
Nitrogen components in peripheral blood plasma are shown in Table 
VI. No differences between treatments were obtained when total nitrogen, 
protein nitrogen, and ammonia nitrogen were the response criteria; how-
ever, sheep fed the unheated special soybean meal or unheated special 
cottonseed meal had higher levels of plasma non-protein nitrogen than 
those fed the unheated azeotrope-extracted meal or any of the heated meals. 
aeating for 45 minutes was just as effective in reducing the plasma non-
protein nitrogen level as heating for 90 minutes. 
The effect of various treatments upon ruminal a.mrnonia levels are 
shown in Table VII. Sheep consu:mi.ng the unheated meals had higher 
25 
(P <.05) rumi.nal ammonia values during the second, third, and fourth hours 
after feeding than those receiving the meals which were heated for either 
45 or 90 minutes; differences between autoclaving for 45 or 90 minutes 
were not significant. 
The results of the sheep growth e~periment are shO'Wil in Tabie VJII. 
Autoclaving either the soybean or cottonseed meals improved (P<:.05) daily 
gains and efficiency of feed utilization by sheep. 
The basic principles concerni.ng the utilization of dietary proteins 
by ruminants were established by McDonald (1948, 1952), Anni.son et al. 
(1954), Chalmers~ al. (1954), Chalmers and Synge (1954a, b), and Lewis 
(1957), who reported that soluble proteins are rapidly hydrolyzed by the 
rumen m;ieroflora causing high ruminal ammonia levels, high plasma non-
protein nitrogen levels, high digestibility of dietary nitrogen, high 
urinary nitrogen excretion, and low reteption of dietary nitrogen. They 
found that any treatment which reduces the solubility of the protein or 
provides carbon fragments and other factors which are needed for micro-
bial synthesis of protein will reduce ruminal ammonia, reduce the digest-
i'bility of dietary nitrogen, lower the plasma non-protein nitrogen level, 
decrease urinary nitrogen losses, and increase the retention of dietary 
nitrogen. Inspection of Tables I, V, VI, VII, and VIII reveals that the 
res~lts obtained in the present experiment, when the special cottonseed 
and soybean meals were fed to sheep, conform to these basic principles. 
The azeotrope-extracted cottonseed meal, in general, followed the same 
trends with the e~ception that the unheated product appeared to be less 
TABLE VII 
EFFECTS OF HEATING PROTEIN SUPPLEMENTS ON LEVEL OF. RUMINAL AMMONIA 
Meal desigha~iona Special SBM Azeotro~e CSM Special CSM 
Heat -treatment.b _ _ 0 45 ·· · _ 90 · 0 4 9g O 4~ 9~ 
Bati on nurober 1 2 · 3 4 5 7 
Hours after feeding milli~oles NH.3/liter rum.en fl1Jid 
0 6.71 8.6.3 10.04 8.78 6.89 7 • .31 6.84 9.87 8.66 
(1.49) 0 (0.82) (.3.6.3) (1.0.3) (1.53) (1.60) (1.12) (1.83) (2.50) 
1 15.16 9.81 __ 9.87.. 10.41. 7-7.3. 9.48. 12~67 11.4.3 9.89 
(.3.10) (0.88) (1.26) (.3.29) (1.41) (2.08) (1.94) (2 . .34) (2.20) 
2 22.91 11.44. 1.3.26. 12.97 10.69, 9.54_ 14.24 ]3.97 10.09 
(4.79) (2.38) (2.95) (1.55) (2.21) (2.03) (2.63) (1.64) (2.93) 
.3 20.03. 17.59. 15.74. 17.13. ll.8L _9.93, 23.92. 11.84 13.42 
(2.23) (2.81) (2.66) (1.77) (2.34) (2~39) (2.11) (0.93) (2.41) 
4 17.45_ 17.lJ_ 15.09_. 15.7L 11.62, 11.43- 19.97. 11.61 11.78 
(2.'.76) (1.31) (2.47) (~.20) (2.55) (L3.3) (1.72) (l.79) (l.99) 
5 14.76. 16.95_ J.4.81. 12.37 __ 10.97 __ 11.14._ 18.76_ 10.79_ 9.84 
(1.58} (.3.54) .(1.89) (1.89) (0.99) (2.58) (2.12) (2.42) (1.08) 
6 11.40 17 .29 J.4. 77.. 12.11_. 11.09 10. 7.3 ·' 17 .40_ 10.48 8.86 
(l.80) (2 • .38) (2.19) (2.62) . (2.14) (1.08) (2.11) (2.15) (l.83) 
8 11.30. 15.96_ 12.98. 11.70_. . 9.41.. 11.06. 14-54. 9.89 9.03 
(l.99) (2.69) (2.49) (1.21) (2.21) (2.11) (1.67) (2.51) · (1.50) 
10 .8.52. 10.7L 13.28. . 9.45 . 7.39. 9.44__ 9.37_ 9.93_ 8.71 
(2.56) (3.41) (2.33) (2.58) (1.31) (1.85) (1.52) (1.48) (1.05) 
12 7.63_ 8.50 10.61. 8.52. 6.93_ ·,7.26.. . 7-.39. 9.88. 8.43 
(2.17) (1. 72) (1.29) (2.20) (1.23) (2.21) (1. 70) (1.43) (1. 76) 
Total 135.87. 134.01_ 130.45. ll9.15.. 94.53. 97.32.. 145.10. 109.69 98.71 
Significant· Differencese 
1 J.:,4:,7>2:,3:,5,6,8,9d 
2 1,4, 7>2,3 ,5 ,6,8, 9*· 
3 1,4,1>2,3,5,6,8,m 
4 1,4,7>2.3,5___,6,s.m 
asee text for description of meals. eorthogona.1 Comparlsonso Ration numbers 
~inutes autoclaved (see text for details of processing). separated only by commas represent the average 




DAILY GAIN AND FEED CONVERSION OF LAMBS FED VARIOUS PROTEIN SUPPLEMENTS 
Protein suppiliem~nta 
Heat · treatment b O Special SBM 45 · 
Ration ri'u.mber 1 2 
Number of animals 4 4 
-·. ---- -·- -· -· 
Av. daily gain, lb. 0.07 0.20 
(0.02)c (0.04) 
Av. daily feed 1.70 1.70 
consumption, lb. (0.06) (0.06) 
·-
r 
Feed efficiency, 30.7 10.2 
_ feed/gain, lb. (8.0) (2.9) 
aSee text for description of meals. 





















soluble than the special meals and autoclaving for 45 minutes did not 
affect fecal nitrogen loss, rurninal ammonia levels, or plasma non-protein 
nitrogen levels as greatly as when the special meals were heated for 45 
minutes. Some denaturation of the protein of the azeotrope-extracted meal 
may have occurred during extraction. 
The results of the rat growth trial are shown in Table IX. Rats con-
suming rations containing the special cottonseed meal, heated or unheated, 
were all dead within 11.4 days; thus, the performance data of these animals 
were not included in the statistical analyses, Paily gains were signifi-
cantly (P<.Ol) lower in the rats fed the unheated soybean, autoclaved 
azeotrope cottonseed, and unheated Oklahoma cottonseed meals than in those 
fed all other rations; however, the azeotrope meal autoclaved 45 minutes 
promoted a significantly (P <.01) faster daily gain than the un}1eated 
special soypea,n meal or Oklehoma cottonseed meal. Daily feed consumption 
of the'ration containing the autoclaved azeotrope cottonseed meal was 
significantly (P<.05) lower than when this meal was unheated. Feed effi-
ciency was significantly (P <• 01) lower in the unheated soybean meal and 
unheated Oklahoma. cottonseed meal than when these meals were heated. The 
unheated soybem meal and unheated Oklahoma cottonseed meal were less 
· (P <.Ol) efficiently utilized than the autoclaved azeotrope meal, 
while the unheated soybean meal was less (P<.Ol) efficiently utilized 
than the unheated Oklahoma cottonseed meal. 
Woods et al. (1957, 1958, 1962) and Tillman and Kruse (1962) reported 
that gossypol and heat applied during processing were the major factors 
affecting the nutritive value of cottonseed meal for ruminants. In those 
trials, it was found that nitrogen digestibility of cottonseed meals was 
TABLE IX 
DAILY GAIN AND FEED CONVERSION OF RATS FED VARIOUS PROTEIN SUPPLEMENTS 
Protein supplementa Casein SBecial SBM15 Azeotrope c~0 Oklahoma CSM 
Heat treatmentc O 45 45 O 45 0 45 
Ration number 1 2 · 3 4 5 6 7 8 
Number of animals 10 10 10 10 10 10 10 10 
Av. daily gain, 2.7 2 .7 o.6 .2.8 3 . 1 1.8 0.8d 2.8 
gm. (0.2)e (0 .2) (0 .2) ( 0.3) (0.2) ( 0 . 1) (0 .3) (0.1) 
Av: daily feed 11.9 11.8 8 .0 12.9 13 .3 11.2 6.9 12 .8 
consumption, (0 .4) (0 .4) (0 .5 ) (0 , 7) (0.5) ( 0 .4) (0.4) (0 .2) 
gm . 
Feed efficiency 4.3 4 . 6 391.6 5. 0 4.4 6.3 11.0 4.6 
_ feed/gain, gm. (0.1) (0 .2) (150.6) (0.5) (0.2) (0.3) (4.1) (0.2) 
% mortality. 0 0 0 0 0 0 40 0 
Av~ survival - - - - - - 9.0 -time, days. 
Significant · Differences-T 
Av. daily gain . -·. ·--· 1,2,4,5,8>3,6,7**; 6>3,7** 
Av. daily feed consumption l,2,4,5,6,8>3,71Ht; 5>6** 
Feed efficiency ·· 3,6,7>1,2,4,5,8~; 3,7>.6~~ 3>7** 
isee text for description of meals. 
SBM-soybean meal; CSM-cot:tonseed· meal. 
CM;inutes autoclaved (see text f or details of processing). 
dcalculated on the · 6. surviving animals . 
estanda.rd error. 












related to nitrogen solubility and bound gossypol levels. The results 
of the present studies (Tables V and VI) reveal that the azeotrope-extracted 
cottonseed meal, which contained very low levels of total and bound gossy-
pol, was not superior to the special cottonseed meal containing much higher 
levels of gossypol, indicating that gossypol is considerably less impor-
tant than the effects of heating upon ruminant utilization of cottonseed 
protein. Chick (Mann et al. 1962) and rat (Table IX) tests offer evidence 
that the low gossypol azeotrope~extracted cottonseed meal is a satisfactory 
source of protein for non-ruminants. However, nothing is known re,garding 
' 
treatment of the azeotrope meal prior to the time it was extracted with 
the azeotrope solvent~ 
Su:rnrnary 
Digestibility, nitrogen-retention, and growth trials were conducted 
to determine the effects of three heat treatments upon the utilization of 
cottonseed and soybean meals. One of the cottonseed meals was extracted 
with a mixture of aQetone, hexane, and water (azeotrope) and contained a 
low level of total and bound gossypol while the soybean meal and the other 
cottonseed meal were produced by extracting with cold hexane with no heat 
being applied during extraction. Portions of each of the above products 
were then subjected to the ~allowing heat treatments: (1) no heat, (2) 
autoclaved under 15 lb. steam pressure per square inch at ~50° F for 45 
minutes, and (3) autoclaved for 90 minutes. The digestibility and:: · .. 
nitrogen-retention trials were conducted using crossbred wethers in a 
3 x 3 factorial experiment. 
Organic matter digestibility was higher (P<.Ol) in the rations con-
taining the soybean meal than those containing both cottonseed meals when 
.31 
the meals were compared with all heat treatments combined. The azeotrope-
extracted cottonseed meals had higher (P <.Ol) digestibility of organic 
matter than the special cottonseed meals. Autoclaving for 45 minutes im-
proved (P <.05) organic matter digestibility when compared to all unheated 
meals with no further improvement from autoclaving for 90 minutes. When 
digestibility of crude fiber was considered over all treatments the soybean 
and azeotrope-extracted cottonseed meals were superior. (P <.O~) to· ~lie. 
special cottonseed meal. Autoclaving improved crude fiber digestibility in 
the special cottonseed meal, but had no effect on the crude fiber digest-
ibility of the rations containing the other meals. Autoclaving had no 
effect upon nitrogen-free and ether extjract digestibilities when all meals 
were considered. Protein digestibility was reduced (P<.Ol) in all meals 
after autoclaving for either 45 or 90 minutes. The effect of increased 
autoclaving times did not differ from linearity (P),.05) when fecal nitrogen 
-- loss (increased), urinary nitrogen loss (decreased), and nitrogen retention 
(increased) were considered for all meals. Autoclaving reduced ruminal 
ammonia and plasma non-protein nitrogen levels. 
The special soybean and cottonseed meals autoclaved for O and 45 
minutes were fed to growing lambs in a completely random :experiment. 
Average daily gain and feed efficiency were higher (P <.05) when the ani-
mals consumed the autoclaved meals. 
EXPERIMENT II 
In the previous experiment, nitrogen retention in sheep was improved 
by autoclaving in increments that did not differ from linearity when the 
cold hexane-extracted cottonseed meal was autoclaved under 15 lb. steam 
pressure for O, 45, and 90 minutes. Urinary nitrogen loss was inversely 
and fecal nitrogen loss directly related to autoclaving time; and urinary 
nitrogen loss decreased at a faster rate than the fecal nitrogen loss in-
creased. These results were interpreted as evidence that longer autoclaving 
times could result in further increases in nitrogen retention as long as 
the decreased urinary nitrogen loss compensated for the increased fecal ni-
trogen loss. The studies in this experiment were designed to study the 
effects of various autoclaving times up to 240 minutes upon the utilization 
of cottonseed meal by ruminants . 
Experimental Procedure 
C.ott-onseed as in Experiment I were extracted with cold hexane with no 
heat being applied at any time prior, during, or after extraction. Por-
tions of this meal were then subjected to six different heat treatments: 
(1) no heat, (2) autoclaved under 15 lb. per square in. steam pressure 
~t 250° F for 20 minutes, (3) autoclaved under the same conditions for 
60 minutes, (4) autoclaved for 120 minutes, (5) autoclaved for 180 minutes, 
and (6) autoclaved for 240 minutes. For autoclaving, the meal was leveled 
at a uniform depth of 1/2 inch in metal pans lined with heavy paper and 
after autoclaving all meals were dried and reground to their original 
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particle size . Compositi on of the meals is shown in Table X. 
Digestibility and Nitrogen Retention Studies 
Fifteen crossbred wethers averaging 99 lb . and about 8 months of age 
were used in a completely random experiment with an orthogonal set of 
treatments {excluding the ration containing the meal autoclaved for 20 
minutes) in two trials using three animals per treatment in each trial. 
The animals were randomly assigned to the treatments in each trial. Follow-
ing completion of the second trial six animals were randomly selected for a 
third trial and fed the ration containing the cottonseed meal autoclaved 
for 20 minutes. All rati ons were i sonitrogenous and were essentially 
isocaloric and their compositions are shown in Table XI. The animals were 
placed in metabolism stalls (Briggs and Gallup, 1949) for a 7- day adjust-
ment period preceding successive 10-day preliminary and 10-day collection 
periods . The animals were removed from the metabolism stalls for a 10- day 
rest period between successive trials . 
Each lamb was fed 550 gm. of his respective ration twice daily during 
all trials ; water was available at all times . This level of intake fur-
nished nutrient levels which were above the maintenance requirements estab-
lished by the National Research Council (N.R.C . , 1957). Feces and urine 
were collected and prepared for analyses as described by Tillman and 
Swift (1953). 
Proximate analyses of feed, feces, and urine were determined by the 
methods of A.O.A.C . (1960) . Nitrogen solubility of the cottonseed meals 
was determined by t he method described by Lyman et al. { 1953). Analyses 
f or total, free, and bound gossypol in the cottonseed meals were conducted 
by the methods of Pons and Hoffpauir (1957) and Pons et al. (1958). 
TABLE X 
CHEMICAL ANALYSES OF COTTONSEED MEALS USED IN ALL STUDIES 
Heat Treatment a 0 20 60 120 
Particular Components 
Total gossypol, % 1.41 1.22 0.90 0.58 
Free gossypol, % 0.99 0.50 0.25 0.11 
Bound gossypol, % 0.42 0.72 0.65 0.47 
Nitrogen soluble.in 
0.02 N NaOH, % of total 78.2 35.8 30.1 21.5 
. -· 
Proximate composition,% 
of dry matter 
Organic matter 92.2 92.2 92.2 92.1 
Ash· 7.8 7.8 7~8 7.9 
~otein (N x 6425) 49.4 49.7 49.0 50.3 
Ether Extract 5 .1 6.5 4.4 4.4 
Crude fiber 8.7 6.7 6.4 7.5 
NFE 29.0 29.3 32.4 29.9 


























COMPOSITION OF COTTONSEED MEAL RATIONS USED IN SHEEP DIGESTIBILITY AND NITROGEN RETENTION STUDIES 
Heat Treatment of csM8' 0 20 60 120 180 240 
Ingredient % .% % % % - % 
Cottonseed meal 22 .. 7 22 .. 5 22 .. 1 21.;5 22.1 21.7 
Corn dextrose 17.8 17.8 17 .. 8 17.8 17.8 17.8 
Corn starch 17.8 17.8 17.8 17.8 17.8 17.8 
Corn oil 2.0 2,0 2.0 2.0 2.0 2.0 
Cottonseed hulls 8.9 8.9 8.9 8.9 8.9 8.9 
Mineral mixb 5.0 5.0 5.0 5~0 5.0 5 .o 
Purified cellulo~ec 25.7 25.9 26.3 26.9 26.3 26.7 
Vitamins A and D 0.1 0.1 0.1 0.1 0 .. 1 0.1 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
Proximate composition, 
dry matter basis' % 
Organic Matter 93 .5 93 ,5 93,3 93.4 93.3 93,2 
Ash - 6.5 6.5 6.7 6.6 6.7 6.8 Cruae Protein 11.6 11.4 11.9 ·12.0 11.8 12.1 Ether Extract 8.3 6.6 7.6 7.0 8.0 7.5 Crude Fiber 28.7 27,3 29.1 28.8 28.2 28.8 NFE 44,9 48.2 44,7 45.6 45.3 44.8 
aMin~tes autoclaved ( see-text for details of processing). 
bpltjen et al. (1959). - · · 
~ 11 S0lka floc7' Brown ec Company:, Berlin, New Hampshire. 




The data were analyzed statistically by analysis of variance with 
orthogonal comparisons being made between combined groups using the meal 
autoclaved for 60 minutes as the control, Data on the ration containing 
the cottonseed meal autoclaved for 20 minutes were not included in the 
orthogonal comparisons; this treatment was compared to the others using 
the multiple range test described by Duncan (1955). 
Rumen Fluid and Blood Studies 
Two crossbred sheep averaging 75 lb. and fitted with permanent rumi-
nal fistulae were used for !g vivo rumen fluid and blood studies. The 
animals were fed each of the rations (Table XI) containing the special 
cottonseed meal autoclaved for O, 60, 120, 180, and 240 minutes for a pre-
liminary period of 10 days prior to collection of samples of rumen fluid 
and periphera.l'venous. blood.. The .sequential order in which the rations 
were fed was determined by random selection before initiation of the first 
preJ.,iminary feeding period; this sequential order was the rations contain-
ing the cottonseed meal autoclaved for 240, 120, 60, 180, and O minutes, 
respectively. The animals were maintained on a standardization ration 
for a period of at least 7 days between each 10-day preliminary feeding 
period. 
The animals were individually-fed 425 gm. twice daily of the respect-
ive experimental ration. This level was held constant throughout the 
0 
entire experiment to insure that all feed allotted would be consumed within 
a short time after feeding. Water was available at all times during the 
10-day preliminary feeding period. On the day before sampling the water 
was removed after the animals had been allowed to drink following the 
night feeding. The animals were allowed to drink approximately 1/2 gallon 
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of .water at the morning feeding on the day of sampling. This was done to 
partially equalize the volume of rumen contents between the two sheep. 
Response criteria were levels of rumi.nal ammonia, ruminal volatile fatty 
acids, plasma ureaj plasma ammonia, and molar percentages of rumi.nal 
volatile fatty acids. 
Peripheral blood and rumen fluid were collected so the approximate 
midpoint of the sampling period would correspond w.tth the times of maximum 
concentrations of ruminal ammonia and blood urea after feeding. These were 
based on the results of Lewis et al. (1957), Stallcup and Looper (1958), 
and Tagari et al. (1962) who reported that maximum ruminal ammonia levels 
were reached between 1 and 3 hours after feeding when oil meals constituted 
the protein source in the ration. Lewis (1957) and Tagari et al. (1962) 
also found that a time interval of approximately 4 hours elapsed between 
ma.xi.mum rumi.nal ammonia levels and subsequent m.a.:x.imum urea concentrations in 
the peripheral blood which corresponded to a period of between 5 and 7 
hours after feeding. These investigators also reported that both rumi.nal 
ammonia and blood urea reached only one maximum concentration then returned 
to prefeeding levels during the next several hours. 
Samples of rumen fluid were ta.ken immediately before feeding and at 
hourly intervals for 4 hours afterwards. Rumen fluid was removed through 
the rumen fistulae at each sampling interval using a suction strainer 
technique (Raun and Burroughs, 1962). The pH was determined immediately 
after collection with a portable Beckman pH meter. Solid food particles 
were removed by centrifugation and the supernatant was stored at -10° F 
until analyzed. Blood samples were taken by jugular puncture immediately 
before and at hourly intervals for 8 hours following feeding. Heparin 
was used as the anti-coagulant and the plasma was separated by 
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centrifugation and stored at -10° F until analyzed. The samples taken 
from Oto 4 hours were analyzed for ammonia and those taken from 4 to 8 
hours for urea. 
Artificial ~umen Stu~ies 
In vitro fermentations were conducted in dupli,cate by the method --
d.esoribe~ by Kuhlman (1963) using rumen fluid from the animals after they 
had recetved ~he standardization ration for several days. Urea was 
omitted from the mineral solution and the rations (Table XI) containing 
the cottonseed meal autoclaved for O, 60, 120, 180, and 240 minutes were 
added to supply the equivalent amount of nitrogen. This required 3.2 
gm. of the rations per flask. The sampling intervals and preparation of 
the samples for storage were the same as that used for the in vivo rumen 
samples. Response criteria were volatile fatty acid production and molar 
percentages of the volatile fatty acids. 
Ruminal ammonia, plasma a.mmoi;ti.a, and urea analyses were determined by 
the methods described by Conway (1957). Samples were prepared for volatile 
fatty acid analyses by the method described by Erwin et al. (1961). Vola-
tile fatty acids were separated using an Aerograph Model A-600-B 11Hy-Fi 11 
gas chromatograph equipped with a hydrogen flame ionization detector and 
recorder. The data were analyzed statistically by analysis of variance 
and orthogonal comparisons were made between combined groups. 
Sheep qrowth Studies 
The special cottonseed meal was autoclaved for O, 60, 120, and 240 
minutes and the four meals were compared in a 30-day lamb growth trial. by 
fe$ding isonitrogenous rations containing two (2:1 and 1:2) concentrate: 
roughage (C:R) ratios. Compositi(!)ns of the ;rations are shown in Table XII. 
TABLE XII 
COMPOSITION OF COTTONSEED MEAL RATIONS USED IN SHEEP GROWTH STUDIES 
Coneentrate :Roughage Ratio l:2 2;1 
Heat treatment of CSMa () 60 120 240 0 60_ ]2Q 2frQ 
Ingredient % % % % % % % % 
Cottonseed ri1eal 22.0 22.0 22.0 22.0 22 .. 0 22.0 22.0 22.0 
Corn dextrose 3.6 3.6 3.6 3.6 20.2 20.2 20.2 20.2 
Corn starch 3.7 3,7 3,7 3.7 20.3 20.J 20.3 20.3 
-Corn oil l.5 1.5 1.5 1.5 1.5 l.5 1.5 1.5 
-Cottonseed hulls 33.3 33,J 33.3 33.3 16.7 16.7 16.7 16.7 
Purified·celluloseb 33.3 33.3 33.3 33.3 16.7 16.7 16.7 16.7 
Mineral mixc 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Dicalcium phosphate 1.0 1.0 1.0 1.0 1.0 l.O 1.0 1.0 
Limestone (GaCO~). 0.5 0.5 0.5 -0. 5 0.5 0.5 0.5 0.5 
Vitamins A and . a 0.1 0.1 0.1 O.l 0.1 0.1 0.1 0.1 
Total 100.0 1.00.0 100.0 100.0 100.0 100.0 100.0 100.0 
Proximate compoBition 
dry matter basis,% 
Organic matter 95.l 94,9 95.0 95.0 95.3 95.1 94.9 95.3 
Ash 4.9 5 .l 5.0 5 .o 4,7 4.9 5.1 4.7 
Crude proteine 11.2 11.1 11.3 11.2 11..3 11.2 11.4 11.5 
Ether extract 6.2 5,9 4.3 4. 5 6.7 5.9 6.0 5,0 
Crude fiber 41+,7 45.0 42.6 46,5 23.8 24,3 24..l 25.4 
JIJFE 33.0 32.9 36.8 32.8 53. 5 53. 7 53.4 53.4 
8.Minutes autoclaved ( see text for details of processing). tt: . . .. Contained 20,000 I. U. and 2,500 USP g11 solka Floe," Brown and Company, Berlin, New Hampshire> units per gram A and D, respectively. Oltjen et al~ (1959). . erncludes only cottonseed meal protein. w 
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Forty-eight crossbred lambs averaging 62 lb. were randomly allotted within 
sex to a 2 x 4 factorial arrangement of treatments with six animals per 
treatment. The animals were fed individually twice daily more of their 
rations than they would consume; uneaten feed was removed, wei ghed, and 
discarded every third day. The sheep were weighed every two weeks. Feed 
and water were removed for a 16 hour shrink preceding the initial and final 
weighings. Response criteria were wej,ght gains, feed consumption, and feed 
efficiency. Differences between treatments were tested for significance by 
analysis of variance and orthogonal comparisons. 
Results and Discussion 
Digestibility and Nitrogen-Retention Studies 
Digestion coefficients and nitrogen balance data are presented in Table 
XIII. All autoclaved meals had higher organic matter digestibilities than 
the unheated meal and autoclaving for 60 minutes resulted in improved 
(P<".10) organic matter digestibility when compared to other heated meals. 
These results are in agreement with those of Experiment I in which it was 
found that organic matter digestibility was improved by autoclaving the 
cottonseed meal for 45 minutes and that no further improvement was ob-
tained by autoclaving it for 90 minutes. 
Ether extract digestibility was higher (P<,05) in the rations con-
taining autoclaved meals than in that with the unheated meal. Nit~ogen-
free extract digestibility was similar for all rations and orthogonal 
comparisons did not reveal any significant differences between the rations. 
The digestibility of crude fiber was higher (P-<_.10) by the animals 
consuming the meal autoclaved for 60 minutes than in other heated meals and, 
TABLE XIII 
EFFECTS OF HEATING COTTONSEED MEAL ON SHEEP DIGESTIBILITY OF RATION COMPONENTS 
AN~-~TENTIQN Qf ~IET~Y.NITROGEN. 
Heat treatment of CSMa O 60 120 180 240 
Ratibn Number 1 2 3 4 5 Significant 
Number of ·animals 6 .' 6 6 6· 6 Differencesd 
Digestibility,% 
Organic matter 61.7 b 67.1 65.6 63.0 64.4 2 >1,3 ,4, 5C 
(0.8) (1.1) (2.3) (1.5) (2.0) 
r , 
Protein 53.6 - 48.9 42;~8 . 36.8 33.3 2 > l.,J ,4, 5**; 1 > 3 j4i 5-lH}; 
(1. 7) (1.6) (1.5) (0.6) (1.1) J > L, , 5~H'c; ,1+ > 5c 
Ether extract 81.8 86.7 82.1 82.1 85.4 2>1,3,4,5* · 
(1.4) (1.1) (1. 7) (1. 7) (1.1) 
. 
2>1,3,4,5c; 1<3,·4;,·* Crude fiber 36.6 54.1 50.6 47.4 50.3 
(1. 7) (3 .3) (5.4) (3. 9) (4.1) 
N-free extract 76.1 77.1 78.6 76·. 8,· 78.4 - - ~ - - - - - - - - -
(1.4) (1.2) (1. 5) (0. 9) (1.6) 
Nitrogen balance, gm. 
Ni trogeh intake 18.04 18.42 18. 95 · 18.47 18.84 - - - - - - - - - - - -Nitrogen in :feee$ 8._38 <1:41 10.83 ·11.67 12.57 - - - - - - - - - - - -Nitrogen in urine 5.97 4.68 4.38 4.13 3.68 - - - - - - - - - - - -Nitro~en retention J.69· 4.34 3 ~ 74 2.67' 2.60 2>1,3,4;5**; 1>3 , 4g5C; 
(0.14) (0.47) (0 .3J ) (0.36) (0.30) J >4 c;ac , .,,11\ 
N balance,% intake 20.4 23.6 19.7 14.5 13.8 2>1,3,4 ,5**; 1 >3,4 ,5**; 
(0.8) (2.5) (1..8) (1.9) (1.6) 3 > 4, 5-::--1~ .. 
N balance,% absorbed 38.5 47.8 45 : 9 39.0 41.1 - - - - - - - - - - - -
(2·.4) (4 . 5) (3 . 5) {5.0) (4.3) 
~Minutes autoclaved ( see te#, for de~,~ ls of processing) ,. dorthogonal _comparisons·~ · Ration numbers separated 




as in Experiment I, all of the autoclaved meals caused higher (P<::.05) 
crude fiber digestibility tha,n the unheated meal. These results are also 
in agreement with those of Ann:i,.son et al. (1954), Chalmers et al. (1954), 
and Lewis and McDonald (1958), in which it was reported that cellulose 
digestibility and utili~ation were reduced when ruminants were fed highly 
soluble proteins. 
Protein digestibility was suceessiyely reduced with increased auto-
clavirig times. The unheated meal and that autoclaved for 60 minutes had 
higher (P <::.Ol) protein ,;iigestibiJ.ity than those autoclaved for 120, 180, 
or 240 minutes. Similarly, the cottonseed meal autoclaved for 120 
minutes had a higher (P,<:.Ol) protein digestibi],.ity than when autoclaved 
for 180 or 240 minutes and that autoclaved for 180 minutes higher than 
the 240 m;i.nutes autoclaving time (P<::.10). 
Nitrogen retention was higher (P<(.01) in sheep fed the meal auto-
claved for 60 minutes than for those fed the other meals. The unheated 
meal and the one autoclaved for 120 minutes promoted greater (P<:::_.05) ni-
trogen retention than the meals autoclaved for 180 and 240 minutes. 
The nitrogen balance data in this experiment are shown graphically 
in Figure 1 and it can be seen that fecai nitrogen losses increased 
and u~inary nitrogen losses decreased and that neither differed from 
linearity (P<(.01) when plotted against autoclaving times. Regression 
equations wer~ Y = 8.420 + .Ol81X and Y = 5,600 -.0086X for fecal and 
urinary nitrogen, respectively, where Xis autoclaving time in minutes 
and Y is gm. nitrogen excreted. Both the linear and cubic component of 
the curve were significant (P <(.01 and P <:::_.05, respectively) for nitrogen 
retention, indicating that a significant deviation from linearity existed 





















I I Fecal N 
Y= 8.420 + .0181 X 
10 
X =Autoclaving Ti me In Minutes 
9 Y= gm. Nitrogen Excreted 
Urinary N 




0 60 120 180 240 
Autoclaving Time (Minutes) 
Figure 1. Effects of Heating Cottonseed Meal on the Nitrogen Excretion 
and Retention Patterns of Sheep. 
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60 minutes resulted in increased nitrogen retention but successive in-
creases in time caused decreased nitrogen retention at a reasonably constant 
rate up to the 180 minute time; the rate of decrease in nitrogen retention 
was slower when time was extended from 180 to 240 minutes. This probably 
accounts for the significant cubic response. 
There was a significant (P<.Ol) quadratic response for nitrogen re-
tention when autoclaving times between O and 180 minutes were considered. 
In Experiment I, a linear increase in nitrogen retention was found when 
autoclaving time was extended up to 90 minutes; thus it was proposed that 
there must be a point at which increased fecal nitrogen loss would not 
be compensated by decreased urinary nitrogen loss. If such a point were 
reached further heating would result in decreased nitrogen retention. 
Apparently, heating for 120 minutes was sufficient to obtain this effect. 
Fundamental relationships between proteolysis in the rumen and protein 
solubility were reported by McDonald (1948, 1952), Annison et al. (1954), --
Chalmers et al. (1954) , Chalmers and Synge (1954a, b) , and Lewis (1957) , 
who established that the rate of proteolysis and level of free ammonia in 
the rumen were proportional to the solubility of the protein. It was 
found that free ruminal ammonia could be absorbed directly into the venous 
blood and subsequently excreted as urinary nitrogen. 
When raw cottonseed meal was autoclaved f or 20 minutes, higher (P < .05) 
organic matter and nitrogen~free extract digestibilities were obtained 
than with all treatments . Protein digestibility and urinary nitrogen loss 
were not significantly (P > .05) different from that obtained with the raw 
meal so this level of heating did not improve nitrogen retention. 
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Ruminal am,m.onia. and plasma ni:t;.rogen component levels :i.,Ji. the two ex..,. 
periments, when the raw meal was fed, were in such close agreement that 
the data of this experiment are not exhibited in tabular form. In both 
experiments, r'UIIlinal aJ!llllonia levels increased rapidly and reached a peak 
level 3 h(,'urs after feeding the raw meal. Afterwawds, the ruminal anunonia 
level steadily decreased until there was a lower level of r'UIIlinal ammonia 
in the animals fed the raw meal. In qomparison, rumina:J,. ammonia ;Levels 
of sheep fed the autoclaved meals ne:i.,ther increased as fast nor reached 
as high ievels. Also, as in Experiment I, differences between the auto-
el,aved meals were not significe.nt (P >.05). Significant (P <.05) and 
positive co~relation coefficients existed between protein solubility and 
ruminal ammonia levels fo'q.rld at 3 hours after feeding (r = .94) and be-
tween protein solubility and plasma urea levels at 6 hours after feeding 
(r ~ .99). These yalues are in agreement with those of Lewis (1957) and 
lend further support to the idea that previously-descr:i.,bed basic principles 
pertainine to the effect of protein solubi,lity upon its utilization by :rumi-
nants can be used to interpret the resu;Lts of these experiments. 
Levels of total vole.tile fatty acids produced !E, vivo are given in 
Table XIV. The unheated cottonseed meal resulted in higher (P<_.05) 
total volatile fatty acid concentration at all sampling times after feeding 
than the autoclaved meals. Total ruminal volatile fatty acid levels in 
sheep fed the meal au.toolave!i for 120 minutes. was lower (P <. 05) than in 
those receiving meals a~toela.ved for 180 or 240 minutes; the 180 minutes 
meal gave a lower (f<.05) value than that one autoclave~ fpr 240 minutes. 
•.. ,• 
~n comparison to the h~ated meals, total volatile fatty acid concentration 
increased at a faster rate when the ra.w meal was fed •. Similar patterni;i 
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TABLE XIV 
EFFECTS OF HEATING,CO:ltONSEED MEAL ON TOTAL VOLATILE 
FATTY ACID CONCENTRATIONS IN RUMEN FLUID . . 
· Heat·, treatments. 0 · 60 120 180- 240 ·· Significant 
-.B.ati.on number 1 2 3 4 5 Diff erenees c 
" 
Hours after ,, Total millimolesLliter rumen fluid 
·.·reeding 
0 35.9 b 38.2 18.·1 46.7 86.7 
(7.~) (5.~) C+.O) (13. 5) (29.8) 
·l 65.q 41.5 . 29.7 53 .5 87,6 1>2,3,4,5*; 3<4,5*; 
(24.1) (ll;l) (1.2) (8.5) (34,4) 4<5* 
2 96.8 51.1 42,4 54, 5 89.9 1 >2,3 ,4,5*; 3<4,5*; 
(37. 7) (9,8) (5.7) (6.9) (36.6) 4<5* 
3 . ll5.6 60.5 49.4 48.8 102.1 1 >2,3 ,4,5*; 3<4,5*; 
(52.7) (7.0) (2.4) (0.8) (45,2) 4<5* 
4 140,7 64.0 58.9 47,8. 103.9 1>2,3,4,5'*:; 3<4,5*; 
(55 .. 9) ,' (8.5) (0.4) (2.6) (34.3) 4<5* 
Average p~reentage of total v~latile fatty acids 
acetic 52.8 57.7 63 .1 72.,5 66.0 
11.. 
p.ropionie 29.5 24.1 21.2 17.4 22.0 
butyric and 11.9 13.2 11.9 8.0 10.7 
iso-butyric 
Valerie alld 5.8 5.0 3.7 2.1 1.3 
i so~val.eri c 
aeetic:propionie 1.8 2.4 3.0 4.2 3.0 
ratio 
8Minutes autoclaved ( see text for details of processing). 
bstandard error~ . . 
cOrthogonal Comparisons@ Ration numbers separated only by commas represent 
the average for that groups · 
-l~<o05o 
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of volatile fatty aQiO. production were obta:;i.ned from the iE, vitro fermenta-
tions (Table XV), The raw cottonseed meal produced higher (P,<:.05) con-
oentrat~ons of volatile fatty acids and at a faster rate similar to that 
in the ,U! vivo trials, thereby adding further evidence to the idea that 
au~oolav;tng decreased the rate of microbial protein degradation. This idea 
i1;1 also supported by the results of El ... Shazly (1952a), Si:rotnak ~ .@:1. 
(1953), Eµ1d Annison (1954, 195P) who observed inoreased concentrations of 
total volatile fatty acids with decreases i:q. the rel9-tive proportions of 
acetic acid when h;ghly soluble prqteins were fed. 
The general pattern of change in ratio of acetic and pTopionic acids 
in these studies was an increase in perce:q.t acetic and a decrease in per-
cent propionic as the autoelav::i..ng time of the cottonseed meal i~oreased. 
Tbe molar percentages of tl:i.e various acids for each heat treatment were 
relatively constant at all sa.m:pling intervals. It is interesting to note 
th13,t the increases i:n percent acetic aqid were assooiated with the h;l.gher 
crude fiber di~estibilities (Table XIII) ~d decreases in protein solubil-
ity of the cottonseed meals (Table X), indicating that the highly soluble 
unheated cottonseed meal provided optimum ni,trogen to the rumen microorge,n-
isms only long enough ;for the soluble carbohydrate fraction to be converted 
to propionie acid~ but when the cellulolytic microorgapisms beoaJ\).e act:i, ve 
breaking down cellulose a lim:Lted rrl,.trogen supply reduced their.activities. 
~he percentages of butyric and valeric acids in these studies we~e 
directly related i;.o protein solubility and rumina.l, ammonia. levels. I;n ... 
creases in the p:roport:i.ons of the longer chain volatile fatty acids were 
I 
closely related to inQreased ruminal ammonia production when the more 
soluble protein supplements constituted the dietary protein. El-Shazly 
TABLE XV 
EFFECTS'"bF; HEATING COTTONSEED MEAL ON- T·OTAL VOI:.ATILE 
. FATTY ACID CONCENTRATIONS _m VITRQ . 
·:trtat tre:at~e~tr·. ---·z, -· =em · -r20 -··f§d - 24r-·· Sfgnif'S:cam·-
£i!ti:on ;n'lln,lber -- l 2 ___ 3 __ 4 __ 5______ D __ i_f_fe __ r_en.~s..:...._ 






98;4 98.4 98,4 98.4 98,4 
116.9 .b102.5 "; 106.4.·; 112.0. 109.4 :· 
(2.0)' (2,2) (4, 9) (1. 9) (1.3) 
l'.3.0~0 · 130.6,· 115.2. 120.3 123.8 
(~.6j (3.2) (2.7) (1.6) (3,5) . ~ 
154.2 l'.34.2 132.1 123.6 127.5 
(4.1) (4,1) (1.8) (3.5) (2~7) 
173,4 149.6 147,8 J.42.0 ],36.2 





~ ~- ···-·-··,-~---- . -···-···------.-------,-----
Avera,ge . percent~ of total volatile f attyAcids 
acetic 58.7 · 63.6 67,4 70,l 7,0,7 
propionic 24.0 21.4 19.0 17.8 17.3 
butyric and 11.2 10.6 10.2 9.5 9.1 
iso-butyric 
valeric and 6.1 4.4 3,4 2.6 2.9. 
iso-valeric ' 
acetic: propionic 2.4 3.0 3.6 3.9 4,1 
ratio 
8Minute~ autoclaved (see text for details of processing). 
bstanda.rd error. · 
corthogonal Comparisons .. Ration numbers separated only by com.mas represent the 
average for that group~ 
.;}p<.,05a 
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(1952a) observed a sirni:lar relationship between the ruminal concentrations 
of ammonia anq of the longer chain volatile fatty a9ids. Annison (1954, 
1956) also found that the mixture of volatile fatty acids resulting from 
protein degradation in the rumen contained considerably higher proportions 
of butyric ap.d valerie acids than is normally found in rumen contents. 
Sheep Growth Studies 
The results of the growth trial a.re presented in Table XVI. Average 
da,ily fe~d qonsumption was higher (P<.Ol) in the animals fed the 1:2 con-
centrate roughage (C:Ij.) ratio than by those fed the 2;1 C;R ratio. Differ.-
ences in i:l,Verage daily gain and feed efficiency were not significant be-
tween the ratios. Average daily gain and feed efficiency were higher 
(P<.05) when the animals consumed the cottonseed meal autoclaved for 60 
m:Lnutes than all other heat treatments. The ratio X time (1!2 vs 2:l XO 
vs 120, 240) interaQtion was significant (P<.05) for average daily gain 
and feed efficiency, indicating that response to each C:R ratio was depen-
dent upon autoclaving time. Also responses to rations containing different 
C :R ratios with meals autoclaved far O a,nd 2/+0 minutes were different; 
average daily gain anq, feed efficiency were higher when the unheated meal , 
was fed in the 1: 2 C: R rG1,tio than in the 2; l C: R ratio, however, the re-
verse was true when the meal was a:utoGlaved for 240 minutes~ DifferenGes 
in a,verage dai),y gain and feed efficiEmcy between the two C :R ratios were 
of greater magnitude when unheated cottonseed meal was the protein, source 
than when the meal was autoclaved ;for 240 minutes and, perhi:J.ps, indicates 
that response to the rations containing the unheated meal qontributed the 
larger porticm of the variance component associated with the interaction. 
Variance components of the other interactions were small and did not 
TABLE XVI 
DAILY GAIN AND FEED CONVERSION OF LAMBS FED THE COTTONSEED MEALS IN RATIONS 
CONTAINING DIFFERENT CO~CENTRATE:ROUGHAGE RATIOS 
Concentrate:Roughage ,Ratio 1:2 2:1 
Autoclaving Time, Minutesa 0 60 120 240 0 60 120. 240 
Number of Animals 6 6 6 6 6 6 6 6 
Avo daily gain, lb. 0.45 o. 50 Oo39 Oo32' Oo25 0.48 0.39 0.36 
( 0. 06) b · ( 0. 07) (0.05) (0.06) ( 0:.06) (0.06) (0.06) (0.06) 
Avo daily feed consumpo, lb. 2083, 2o 65, 2.75 2.78. 1.94 2.22_ 2.43. 2.39 
(0.25) (0.27) (0.17) (0.16) ( 0.23) (0.18) (0.19) (0.12) 
Feed efficiency, fed/gain, 6.6 506 - 7 .6 _ 10.5 11.6 _ .4.8 6.8 8.0 
lb. (0.4) (0. 6) (l.O) (2.0) . (3 o3) (0.4) (0.9) (1.6) 
Significant Differencesc 
.~ Av. Daily Feed efficiency, 
Av, Dailz._Qain Feed .. Consum~ ~····· _fE3_edlgain 
Between, 
Concentrate:Roughage ratios 1:2>2:l** 
Autoclaving Times 60 > 0, 120, 240·n- 60 > 0, 120 ,240* 
-----------··-----------------------------------
aMinutes autoclaved (see text for details of processing). 
bstandard error. 
cOrthogonal Comparisons o He,tion numbers sGparated only commas 
-l~P< .,05; -lH~P< oOL 




contain a significant amount of the total interaction variance. 
Feed Qonsumption and sheep gains were somewhat lower when raw cotton-
seed meal was fed in the 2:1 than in the 1:2 ratio. These resu.lts are not 
.in agreement with those reported by Phillipson~~. (1959), Chalmers 
and Synge (l.954a), and Lew;i..s and Mc:Oonald (1958) wl;lo found that h~hly 
~olubl.e proteins we:re more efficiently :u,tiltzed when soluble carbohydpates 
su~h as stare~es or sugars were added to the ration. A possible e;icplana~ 
tion of the apparent deviation of the results in this experiment could con~ 
eern the effect of rate Qf food pass~ge through the reticulo-rumen and 
ruminal pH upon the detoxification of gossypol tn the rumen. Food passage 
wou;Ld be fastel' i;n ~ma)..s fed the 2: 1 C :R ratio (~alch, 1957) so time 
f'or r1µJllnal gossypol detoxi;f;i.cat;ion reactions would be reduced. I)tetary 
proteiner are less soJ.uble in acid mediums (Preston, 196.3) ap.d, go1:1sypol 
detoxification in the rumen is dependent upon solul;>le proteins (Reiser 
and Ji'"4., l9q2). in this experiment, rumen fluid from animals fed the 2:1 
C:R rat;j.o had :Lower rumen pH (2.5 X lO""l greater average cqncentration of. 
hydrogen ion per liter) than those fed the l:2 C:R ratio. The rumen pH 
readings were 5.9 and 5.3 at 3 hours after feeding for the animals re~ 
cei ving the 1: 2 ano. 2: 1 C: R rat:i,os, reapecti vely, These condition:;; may 
have allowed som~ of the free gossypol to eseape o.etoxification in the 
rumen aino. pa1:1s int.o the lower. dig~st,ive tract where it could have been ab ... 
sor"bed, Eagle ano. Harrell (1950) .fou.nd that fr(;)e g0S1sypol can act as an 
appet;tte depressant in rats, thereby offering a poseible explanation for 
the decreaseq intake noted when the raw meai was fed in the 2:1 rat:i.o, 
Ruminal ammonia values were also low~r for the first 6 hours after 
feeding in the 13heep receiving the 2:1 C~~ ratio indicating that protein 
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breakdown was less than from the 1:2 C:R ratio. 
The animals in the growth trial were allotted so that the animals of 
one sex were randomly assigned to each concentrate;roughage ratio in each 
replication which caused the animals of each sex to consume the rations 
containing the same concentrate:roughage ratio only in alternate replica-
tions. This method of allotment caused confoundipg of treatment with 
replication which could allow the treatment differences to be affected PY 
differences between replications. However, in these data, the replication 
mean squares were approximateiy equal to the error mean squares and it is 
possible that the relative consistency between ;replications indicates that 
the variance component due to replications did not appreciably affect treat-
ment differences or the estimate of error in spite of this a:pparent error 
in allotment. 
The results of the growth trial closely agree with the data of the 
digestibility and nitrogen balance studies. They also agree with the 
growth trial data of Experiment l in which it was found that significant 
improvements in lamb gain and efficiency were obtained by autoclaving a 
similar raw cottonseed meal for 45 minutes. The results of these experi-. 
ments indicate that autoclaving cold-hexane extracted cottonseed meal for 
60 minutes under 15 lb. per square inch steam pressure improved cottonseed 
meal for sheep over that found in any other heat treatment. 
Summary 
Digestibility, nitrogen-retention, and growth trials were designed to 
study the effects of autoclaving a raw cottonseed meal for various times up 
to 240 minutes upon its utilization by ruminants. The raw cottonseed meal 
was produced by cold-hexane extraction with no heat being applied during 
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extraction. Portions of this meal were then subjected to the following 
heat treatments: , (1) no heat, (2) autoclaved under 15 lb. steam pressure 
per square inch at 250° F for 20 minutes, (3) autoclaved for 60 minutes, 
(4) autoclaved for 120 minutes, (5) autoclaved for 180 minutes, and (6) 
autoclaved for 240 minutes. Digestibility and nitrogen-retention trials 
were conducted using crossbred wethers in a completely random experiment 
with an orthogonal set of treatments (excluding the·20 minute ration); 
the meal autoclaved for 20 minutes was compared to all other treatments 
using the multiple range test. 
In orthogonal comparis6ns, all autoclaved meals had higher organic 
,matter and crude fiber digestibilities than the unheated meal. Cottonseed 
' meal autoclaved for 60 minutes re·sulted in higher. (P< .10) organic matter 
and crude fiber digestibilities than all other treatments. Nitrogen-free 
extract digestibility was similar for all rations. Protein digestibility 
was reduced (P<(.01) with increased autoclaving times. Fecal nitrogen 
I . 
(increased} ~d urinary nitrogen (decreased) losses did not differ from 
linearity (P >.Ol) when plotted against autoclaving times. The nitrogen 
retained curve had significant linear and cubic components. The eu~ic 
component was expressed by greatest nitrogen retention when the·cotton-
seed meal was autoclaved for 60 minutes and decreased retention at a 
relatively constant rate when the autoclaving t~me was increased from . ' 
.60 to 180 .minutes; a reduction in rate. of decrease was':.: obtained when 
the autoclaving time was extended from 180 to 240 minut~s. 
Cottonseed meal autoclaved for 20 minutes resulted in higher 
(P< .05) organic matter and nitrogen-free extract digestibilities than 
all other treatments. Protein dig~stibility and urinary nitrogen loss 
were not significantly different from that obtained with the raw meal so 
~his level of heating did not improve nitrogen retention. 
In an in !!!.£ study involving fistulated sheep, the maximum ruminal 
ammon;i.a and plasma urea levels were reached 3 and 6 ho~rs, respectively, 
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after feeding. The maxim.urn concentrations of these components resulting 
from the unheated meal were higher (P<(.01) than from all autoclaved meals. 
Differences between the autoclaved meals were not significant. Peripheral 
plasma aminonia was low and quite constant for all meals. The unheated 
cottonseed meal resulted in ~igher (P-<(.05) total volatile fatty acid 
concentrations which were produced at a i'aster rate than the autoclaved 
meal,s. Similar total volatile fatty acid values were obtained w:l,.th !!! 
vitro fermentations. 
Cottonseed meals autoclaved for O, 60, 120, and 240 minutes were fed 
in two (1:2· and·2:1) conoentrate:rougha.ge ratios to growing lambs allotted 
' -
ina'2 x,4, fa.etorial experiment • .Average daily feedc9nsumption was higher 
(P<(.01) by lambs fed the l:2 concentrate:roughage (C~R) ratio than those 
fed the 2:1 C:R ratio. Differences in average da;j,ly gain and feed effi-
ciency were not significant between the two C:R ratios. Average daily 
gain and feed efficiency were higher (P<(.05) when the animals consumed 
the cottonseed meal autoclaved for 60 minutes than all other heat treat-
ments. The ratio X time interaction was signif;Lcant (P< .05) for average 
daily gain and feed efficiency indicating that responses on each C:R 
rat;i.o were dependent upon the autoclaving time of the cottonseed meal. 
GENERAL SUMMARY 
Digestibility, nitrogen-retention, and growth studies were conducted 
to determine the effects of va,rious autoclaving times upon t;-ie utilh.;ation 
of raw soybean and cottonseed meals by sheep~ One of the cottonseed meals 
was extracted with an azeotrope (acetone, hexane, and water) solvent whi.le 
the special soybean meal and the :special cottonseed meal were produced 
by cold-hexane extracti.on with no heat being applied during extractiono 
In Experiment I, portions of each meal were subjected to the following heat 
treatments: (1) no heat, (2) autoclaved under 15 lb .. st.eam pressure per 
0 
square in., at 250 F for h5 minutes, and (3) autoclaved for 90 minutess In 
Experiment II, portions of the special cottonseed meal were subjected to 
the following heat treatments: (1) no heat, (2) autoclaved for 20 minutes, 
(3) autoclaved for 60 minutes, (4) autoclaved for 120 minutes, (5) auto-
clewed for 180 minutest and ( 6) autoclaved for 240 minutes. 
Organic matter digestibility (E'.{periment I) \l,ras higher (P<,.,Ol) in 
rations containing soybean meal than both cottonseed meals and higher 
(P< ,,01) in those containing the azeotrope-extracted cottonseed meal than 
the special cottonseed meal when all heat treatments were combined., Auto-
claving all meals for /45 minutes improved (P< .. 05) organic matter digest·-
ibility when compared to the unheated meals with no further improvement 
from autoclaving for 90 minutesG When the raw cottonseed meal of Experi-
ment II was autoclaved for times up to 21..0 minutes, organic matter digest-
ibility l'laS higher (P< oOl) in the ration containing the meal autoclaved 
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for 60 minutes than all other treatmentso Crude fiber digestibility 
(Experiment I) was higher ( P <· 01) in rations containing soybean and 
azeotrope-extracted cottonseed meals than in those containing the special 
cottonseed meal, autoclaving improved crude fiber digestibility in the 
special cottonseed meal but had no eff~ct on the crude f~ber digestibility 
of the rations containing the other mealso The special cottonseed meal 
autoclaved for 60 minutes resulted in higher (P<.Ol) crude fiber digest-
ibility than all other autoclaving times in Experiment II. In both 
experiments, ether extract and nitrogen-free extract digestibilities were 
slightly improved in all rations containing the meals autoclaved for the 
shorter times wi.th no further improvement from longer autoclaving times. 
In Experiment I, protein dige sti bili ty was reduced ( P <, 01) in all 
mea;Ls after autoclaving for either 45 or 90 minutes. Fecal nitrogen loss 
(increased), urinary nitrogen loss (decreased\ and nitrogen retention 
(increased) from all meals did not differ from linearity (P >.Ol) .wl:le·n 
plotted against autoclaving times, Protein digestibility was also reduced 
(P <,Ol) with increased autoclaving times in Experiment IL Fecal nitre-, 
gen (increased) and urinary nitrogen (decreased) losses did not differ 
from linearity (P >.Ol) when plotted against autoclaving times. The 
nitrogen retained curve had significant linear and cubic components; the 
latter bei.ng expressed by greatest nitrogen retention when the meal was 
autoclaved for 60 minutes and decreased retention with the longer times. 
Autoclaving reduced rum:inal ammonia, ruminal total volatile fatty acids, 
and plasma non-protein nitrogen levels. 
In lamb growth studies, the special soybean and cottonseed meals auto-
claved for 45 minutes promoted higher (P<.05) average daily gains and feed 
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efficiencies than the unheated meals. Further growth studies revealed 
that lambs fed the special cotto~seed meal autoclaved for 60 minutes had 
higher (P<(.05) average daily gain and feed efficiency than those fed tb.:is 
meal autoclaved for O, 120, or 240 minutes. 
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